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Chapter - I GENERAL INTRODUCTION 
A. PESTICIDES 
Saving the planet with pesticides and plastic makes a powerful case that 
the best chance for saving wildlife and biodiversity from the increasing demands 
of the growing human population is through increasing the food output from the 
earth's existing farmlands . All ecologists concerned about a sustainable 
future should consider how their own work relates to this pragmatic framework 
3for using and conserving the earth's resources. 
Dr. Michael Huston, 
Ecologist and author of Biological 
Diversity (Cambridge Press). 
Pesticides have been recognized as one of the most important component 
of the modern agriculture and of public health programme. Without this input it 
is not possible to attain global achievement on food front and public health 
standard. In spite of vigorous efforts made by plant protection workers to 
popularize non-chemical methods to control pests, chemical methods still 
remain one of the most powerful tool for pest control particularly when other 
preventive measures fail [1]. 
Beyond any doubt the worldwide crises of food have been considerably 
removed with the help of pesticides. On the other hand, usage of pesticides in 
agriculture has imposed many direct and indirect undesirable effects on the 
environment i.e. chemical plant protection is a profit induced poisoning of the 
environment. The concentration of pesticides residues in faod, feed and 
environment is increasing day by day due to their continuous use in crop 
protection. 
Therefore, there is a growing interest in developing new methods and 
modified procedures for pesticides residues analysis. Some of the currently 
published papers are summarized in the following lines. Katsodas and 
Abdemesseh [2] have reported on acetylcholinesterase inhibition method for 
detection of 21 carbamate pesticides in bananas, peaches, strawberries and 
tomatoes. The detection levels ranged from 0.1 ppm for carbofuran and 3-
hydroxycarbofuran to 6 ppm for promecarb and aldicarb sulfoxide. These results 
are generally at or below the tolerances established by the Environmental 
Protection Agency for these commodities. The detections of the carbaryl-
specific enzyme - linked immunosorbent assay (ELISA) kit for carbaryl and 
carbofuran were 2.0 ppb and 8.0 ppb respectively. The other carbamates did not 
exhibit cross-reactivity even at high ppb levels. Thus enzyme inhibition assay 
and ELISA are simple and fast screening procedures for the detection of 
carbamate pesticide residues in food commodities. 
Tripathi [3] has reported that the humble Neem tree, well known for its 
healing effects and biocidal activities in folk traditions has been rediscovered as 
a potential source of eco friendly phytopesticide. Highlight of research efforts on 
evaluation of various biocidal activity of neem as well as its pure individual 
active constitutents are presented.Bester et al. [4] have reported a high-
performance liquid chromatographic method with electrospray ionization 
tandem mass spectrometry (HPLC-ESI-MS-MS) for the determination of 
thiabendazole, carbendazime and phenylurea pesticides in fruit matrices. During 
the validation process the method was tested for matrix effects, blanks, and the 
stability of the system, considerable unspecific matrix effects in the ESI (+) 
process were detected by comparing standard calibration and matrix calibration 
although blank values were very low and the specific calibration functions 
showed only small standard deviations. 
Rao et al. [5] have reported thin-layer chromatographic behaviour of some 
heavy metal diethyldithiocarbamate complexes using calcium carbonate, 
calcium citrate, calcium oxalate, calcium phosphate dibasic, calcium sulphate 
dehydrated, cellulose and silica gel G as stationary phase and acetonitrile, 
acetone, benzene, butanol, chloroform, 1,4-dioxan, distilled water, ethyl acetate, 
methanol and propanol as mobile phase. Ahmed [6] has reported the importance 
of matrix pretreatment, sample extraction and clean up in multiresidue methods 
for pesticide analysis. He has discussed with emphasis on alternative new 
techniques attempted world - wide such as accelerated solvent extraction, 
microwave-assisted extraction, solid-phase extraction, solid-phase 
microextraction, matrix solid-phase dispersion, supercritical fluid 
chromatography, ultrasonic extraction and gel permeation chromatography. 
Detection employing capillary gas chromatography and high performance liquid 
chromatography in conjuction with mass spectrometry has been reported. Obana 
et. al. [7] have reported a high-throughput multiresidue analysis of pesticides in 
non fatty vegetables and fruits using two-layered column with graphitized 
H 
carbon and water absorbent polymer. Most pesticides were recovered in the 
range 70-115 % with RSD usually < 10 % for five experiments. The residue 
analyses were performed by the extraction of 12 pesticides from 13 samples. 
The proposed method could be applied for monitoring of pesticide residue in 
foods. 
Compoy et al. [8] have reported Diet and organochlorine contaminants in 
women of reproductive age under 40 year old. Application of the Spearman 
correlation test to the results from Almeria showed certain positive correlation 
between the total intake of fats and both the p,p' DDD (p = 0.53, p < 0.05) and 
methoxychlor ( p=0.48, p < 0.05) in mature milk, and between the energy 
supplied by vegetables and the endosulfan-lactone in mature milk (p = 0.50, p < 
0.05). Among the group of breast feeding women from Granda, there was a 
strong correlation between the intake of fats and both the p,p'-DDT in transition 
milk ( p = 0.90, p < 0.05) and the p, p' - DDD in mature milk ( p = 0.90, p < 
0.05).Munshi and Zuberi [9] have reported the detection of organochlorine 
pesticides (DDT, DDE, Heptachlor, Aldrin, Dialdrin and BHC ) in different 
food commodities like milk, fish and vegetables. In vegetable, milk and fish 
concentration of DDT was higher than other pesticides reflecting its accelerated 
use. The concentration of chlorinated pesticide in above mentioned food except 
fish was DDT 1.02-3.38, DDE 0.01 - 0.80, Heptachlor 0.53-2.35, Dialdrin 1.20-
3.56 and alpha BHC traces - 1.52 ng/g. 
Mascini and Palchetti [10] have reported the disposable biosensors based 
on acetylcholinesterase inhibition activity for testing the presence of 
organophosphorous carbamates and pesticides in water, fruit and vegetable 
samples.Rathore and Singh [11] have reported a new ultrasensitive chromogenic 
chelating reagent for use in the chromatographic separation and detection of 
0-J- _ _ "i-i- 0 4 - 0-J- '^-J- "i-i- S-
metal ions. The heavy metal ions Mn , Fe , Co , Ni , Cu , Bi and Ag can 
be visualized as violet, black, green, yellow green, red-brown, yellow and 
yellow spots at trace levels i.e. 32, 34, 45, 23, 43 and 53 ng per spot 
respectively. Ahluwalia, et al. [12] have reported toxicity of a rice field 
herbicide diquate, in some nitrogen fixing algae. Relatively higher dose ( above 
5 |Lig/ml) reduced the chlorophyll content and a progressively decrease in algal 
growth and ultimately complete lysis of the cells was recorded with the 
increasing level of the herbicide. A concentration of 15 |ig/ml has been found to 
be algicidal for both the test organism. 
Hanumantharaju et al. [13] have studied persistence and degradation of 
mancozeb and its metabolite ethylenethiourea (ETU) in soils. The degradation 
pattern of mancozeb residues indicates first order exponential degradation 
kinetics in soils. The soil moisture at field capacity and temperature of 25°C 
were found to accelerate the degradation of mancozeb in the soils. Pandit et 
al.[14] have studied persistent organochlorine pesticide residues in milk and 
dairy products in India. The measurements were made using a gas 
chromatograph - electron capture detector system. The total HCH levels in milk 
and milk products were lower than total DDT levels which could be attributed to 
earlier extensive antimalaria sanitary activifies. Butter had higher levels of DDT 
than cheese and milk powder. All levels of organochlorine pesficide residues in 
milk and milk products were well below the maximum permissible limits given 
byFAO/WHO. 
G 
Bansal [15] has reported influence of three carbamate pesticides on Mn 
and Fe status of saline sodic soil of Aligarh. Verma and Nayal [ 16] have studied 
insecticidal activity of some pyrazole derivatives against American cockroaches. 
Pyrazole derivatives are well known biological active compounds. The 
insecticidal activity of some pyrazole derivatives, namely N-4-(flourobenzoyl)-
5,5'-dimethylcyclohexane-4-(sulpha/substituted phenylazo)-1,2-diazole against 
American cockroaches has been discussed.Rodriguez et al. [17] have reported 
off line solid phase micro extraction and capillary electrophoresis mass 
spectrometry to determine simultaneously five acidic pesticides (0-phenyphenol, 
ioxynil, haloxyfop, acifluorfen, picloramn ) in fruits. Sandau et al. [18] have 
reported comprehensive solid phase extraction method for persistent organic 
pollutants, validation and application to the analysis of persistent chlorinated 
pesticides. The method was applied to 40 year old archived plasma samples for 
quantitative analysis of selected chlorinated pesticides. 
Tiwari et al. [19] have reported a convenient method for milligram 
determination of some thiophosphate pesticides. The method was applied for the 
determination of parathion, methyl parathion, fenthion and fenintrothion in 
technical grade formulations. The results were within 1 % of error. Pandey [20] 
has reported that chlorinated hydrocarbon pesticides banned in different 
countries but still these chemicals persist as environmental contaminants. 
7 
B. CLASSIFICATION OF PESTICIDES 
The pesticides have been classified as follows. 
1. Inorganic Pesticides : About A.D. 70. Pliny the Elder recommended that 
arsenic could be used to kill insects and the Chinese used arsenic sulphide as an 
insecticide as early as the late sixteenth century. Other inorganic products used 
as pesticides contain antimony, boron, copper, flourine, manganese, mercury, 
selenium, sulphur, thallium, tin and zinc, as their active ingradients. Although 
these products are not very effective for pesticidal use, many are so persistent in 
the soil that there are instances as of crops being damaged by their residue in the 
soil. 
2. Organic Pesticides : The era of organic pesticides began from 1940. These 
chemicals are successful in controlling the pests that there is exteremly rapid and 
general adoption of them and development of new ones. This has progressed so 
rapidly, that today about 1500 pesticides in the form of 10000 formulations are 
in common use around the world. Some of the commonly used pesticides are 
given below : 
(a) Carboxylic acid derivatives : TCA, dolapon, 2,4-D, 2,4,5-T etc. 
(b) Hetrocyclic compounds : benomyl, carboxin, metalaxyl etc. 
(c) Organochlorines : aldrin, BHC, DDT, endosulfan, heptachlor etc. 
(d) Organonitrogens : baygon, carbaryl, carbofuran, dinocap etc. 
(e) Organonitrogen sulphurs : Captafol, captan, falpet etc. 
(f) Organophosphates : bromophos, malathion, parathion, phosphamidon etc. 
3. Organic Pesticides Containing Metal Ions : It is relatively less familiar 
class of pesticides. The activity of these pesticides depends on the chelating 
action of the metal ion as well as the activity of the organic matrix. Some of the 
organic pesticides containing metal ions (OPCM) are given in Table 1.1. 
C. DITHIOCARBAMATE PESTICIDES : 
Amongst OPCM mentioned above, the heavy metal complexes of 
dithiocarbamate are well known fungicides. Tisdale first demonstrated the 
fungicidal possibilities of the dithiocarbamate (thiram) in 1931 in the laboratory 
of E.I. Du Pont Company, U.S.A. but the commercial production started about a 
decade later. 
It is employed in every use, i.e. contact, protective, eradicative known for 
fungicides except systemic action. It is widely used on vegetables like lettuce, 
peanuts, potatoes, tomatoes and brinjals; fruits like apples, figs, grapes, peaches 
and pears; crops like cotton, maize, paddy and wheat; ornamentals like 
chrysanthemums, black currants, carnations etc. to control diseases like early 
and late blight gall, mildew, leaf rust, scab, smut etc. It is used in seed and soil 
treatment. It is also known to use topical ointment to cure dermatophytoses. 
1. Mode of Action : Despite the chemical similarities, there are evidences that 
dialkyldithiocarbamates and ethylenebisdithiocarbamates do not act in the same 
way. This different is often attributed to reactivity associated with the N-H bond 
present in Group II complexes. The dialkyldithicarbamates (Group I) interfere 
Table 1.1 : Chemical structure and mode of action of some organic pesticides 
containing metal ions. 
Pesticides Properties 
1. Alloxvdim-sodium 
ONa ^ K . _ o - C H - C H = CII a) Colourless crystals 
b) 2250-2560, > 1630 
c) Selective systemic herbicide 
Aluminium phosethy! 
H 
CM ( ) - l > - 0 -
" ' II 
O 
a) Colourless crystals 
b) 5800, > 3200 
c) Systemic fungicide 
Axocyclotin 
= N 
N ^ 
a) Colourless crystals 
b) 99, > 1000 
c) Contact acaricide 
Calcium cyanamide 
C a = N - C = N a) Grey powder 
b) 765, -
c) Herbicide, fungicide and 
defoliant 
Pesticides Properties 
5. Dikegulac-sodium 
COONa 
a) Colourless crystals 
b) 31000, > 2000 
c) Systemic plant growth regulator 
Disodium methanearsonate 
O 
* ^ONa 
CH,-As 
•^ ONa 
a) Colourless crystals 
b) 1000,-
c) Selective post-emergence 
herbicide 
7. Fenaminosulf 
K -N-^ SO,Na a) Yellow brown crystalline powder 
b) 60, 100 
c) Seed and soil fungicide 
8. Fentinacetate 
AcOSn 
a) Colourless crystals 
b) 125-160,450 
c) Non systemic leaf-fungicide 
algicide and molluscicide. 
9. Ferbam 
H,C, 
liC 
N-C-S- a) Black powder 
b) 4000-17000,-
c) Protective leaf-fungicide 
Pesticides Properties 
10. Mancozeb 
H S 
I II 
' i li 
H S 
11. Maneb 
Ml!, Zn 
(x-M| 
a) Greyish-yellow powder 
b) 5000, > 10000 
c) Protective leaf-fungicide 
H S 
I II 
O i - N - C - S -
O i - N - C - S -
' I il 
H J 
Mn 
X 
a) Yellow amorphous powder 
b) 7500, > 5000 
c) Protective leaf-fungicide 
12. 2-Methoxyetiiylmercury chloride 
CH^O-CH -^CH -^Hg-Cl a) Colourless crystals 
b) 570, -
c) Systemic fungicide 
13. Metham-sodium 
} l C - N - C - S N a 
^ i li 
H S 
a) Colourless crystals 
b) 820, >97 
c) Nematicide, fungicide, insecticide 
and herbicide. 
14. Methyl-metiram 
/ H,C-C-N-C-S- 1 
liC-N^C-S-ZnCNH.)-
1 * 1 II 
_ \ H S y^  
H,,t 
H li S 
^ - C - h - C - S-
1 
1 ii 
H S X 
(X • I) 
a) Pale yellow powder 
b) 1540,-
c) Protective leaf-fungicide 
and acaricide 
Pesticides Properties 
15. Metiram 
H ! 
HC-N 
S 
II 
c s 
\ . H S 
HX-N - C - S - Zn(NHJ - I w r _N - T - S 
I M / ' l M 
H S / . H 
x 
a) Yellow powder 
b) 10000, > 2000 
c) Protective leaf-fungicide 
16. Nabam 
H S 
I II 
H,C-N-C-S-N;< 
• | 
H X - N - C - S - N a 
i II 
H S 
a) Colourless crystals 
b) 395, -
c) Protective fungicide and 
algicide. 
17. Naptalam 
a) 
b) 
c) 
White crystals 
1900,-
Selective pre-emergence herbicide 
18. Phenylmercury acetate 
/ V H g - O - C O C H , a) Pale yellow powder 
b) 50 - 100, -
c) Eradicative fungicide 
19. Potassium cyanate 
K-N=C-0 a) Colourless crystals 
b) 841,-
c) Herbicide 
Pesticides Properties 
20. 1 
21. i 
22. i 
' ropineb 
H H 
H^c- r -N 
HX-N-
i 
H 
iineb 
H S 
l iX-N- C-
• 1 
H.C-N-C-
! M 
H S 
?,iram 
r s 
H,C V II 
_ 
^ 
r s -
"<"-- S-
< 
7 n 
X 
{x> 
~\ 
- s^  
-
/,n 
X 
(x>l) 
-s- Zn 
1 
a) Pale Yellow powder 
b) 8500, > 1000 
c) Protective leaf-fungicide 
a) 
b) 
c) 
a) 
b) 
Light coloured powder 
>5200, > 10000 
Protective leaf-fungicide 
White powder 
1400,> 20000 
Protective leaf- fungicide and 
repellant 
23. Brestan 
SnO-CO-CR 
a) Colourless crystals 
b) 140, -
c) Protective leaf-fungicide 
/y 
Pesticides Properties 
24. Du-Ter 
a) Colourless crystals 
b) 108, > 245 
c) Protective leaf-fungicide 
25. Piictron 
a) Colourless crystals 
b) 540, > 2000 
c) Plant feeding - acaricide 
a) Physical appearance 
b) Acute oral LD^ .^ , (rats) and acute dermal LD.^ , (rats) in mg/kg 
c) Mode of action 
1^ 
with energy production i.e. reduction in the production of ATP for instance; 
inhibition of respiration. They also interfere with biosynthesis i.e. the disruption 
of processes forming new cellular materials needed for the growth and 
maintenance of the fungus while ethylenebis- dithiocarbamates interfere with 
the biosynthesis process. Various theories have been proposed to explain. The 
mode of action of dithiocarbamate fungicides but non of them explain the 
mechanism of fungicidal action satisfactorily. The chelation theory is one of the 
generally accepted theories. 
(a) Dialkyldithiocarbamates : The dialkyldithiocarbamates probably owe their 
fungitoxicity to their ability to chelate with certain metal ions deprwing the call 
of the needed metal ion. Recent information however indicates that a heavy 
metal ion is required for the high toxicity of these fungicides studies with the 
fungus Aspergillses niger have demonstrated that in the presence of Cu ions, 
an increase in the concentration of sodium dimethyl dithiocarbamate inhibits the 
growth at two levels. 
(i) When copper to dithiocarbamate ratio is reasonably high (approximately 
20:1) the formation of unsaturated, positively charged copper dithiocarbamate 
complex (1:1) take place. These complexes penetrate lipids barrier in the fungal 
cell and may be the ultimate toxicant or alternatively it may be converted into 
dimethyldithiocarbamate ions which kill the fungus by readily complexing with 
vital trace metals. For example it interferes in the uptpake of oxygen in yeast 
cells and it has also been shown that pyruvate accumulates in Aspergillus niger 
after treatment with sodium dimethyldithiocarbamate; thus fungicidal activity 
arises from interference with respiration by in activation of the pyruvate 
dehydrogenase system. 
H.C 
,Cu+ 
H,C 
The charged resonating 1:1 complex between Cu ions and dimethyl-
dithiocarbamate. 
(ii) when the concentration of dithiocarbamate is further increased the 
fungicidal activity decreases due to the formation of saturated 
uncharged copper i.e. dithiocarbamate complex (1:2). This inhibition 
level requires high concentration of dimethyldithiocarbamate complex 
(1:2), excess dithiocarbamate accumulates and is apparently toxic in its 
own right, perhaps by in activating sulphydryl enzymes. 
H,C CH, 
N - C 'Cu C - N 
H3C 
The uncharged 1:2 complex between Cu ions and 
dimethyldithiocarbamate. 
CH, 
n 
(b) Ethylenebisdithiocarbamate : The presence of hydrogen at the 
nitrogen in a dithiocarbamate structure considerably reduces the 
chemical stability of the ethylenebisdithiocarbamates. The mode of 
action of this complex probably involves their oxidation on the leaf 
surface to such products as ethylene thiuram disulphide, ethylene 
thiuram monosulphide, isothiocyanate (fungitoxic derivatives) by 
splitting off H2S or HS" ions. 
H S 
I II 
R ^N—C SH ^ H2S + R - N = C - S 
\ 
H S 
R N^ C S -^ ^ HS+ R - N = C==S 
Especially in the presence of heavy metal ions these equilibria are forced 
to the right because of the formation of insoluble metal sulphides. These 
fungitoxic derivatives are known to be fungicidal by virtue of their ability to 
react with vital thiol compounds within the fungal cells and it has been 
demonstrated that the inhibitory action of nabam on fungal spore germination is 
strongly antagonized by the addition of thiols. 
D. WORK DONE 
In this dissertation efforts have been made to develop a simple, 
inexpensive and commonly used method for the pesticides residues analysis. 
/^ 
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Chapter - II SIMPLE VOLUMETRIC METHOD OF MANCOZEB 
RESIDUES ANALYSIS IN EDIBLE PLANTS 
2-0 
A. INTRODUCTION 
Mancozeb is an important fungicide extensively used both as foliar spray 
as well as soil drench for the control of various plant diseases in winter crops in 
Aligarh (U.P.). The beneficial effect of chemical protection gets diluted due to 
the possible poisoning of the environment caused by their repeated use in heavy 
dose. The health hazards [ 1-3 ] have been reported due to the excessive 
concentration of micronutrients (Mn and Zn ) in plants. The high zinc level 
causes dizziness, vomiting and diarrhoea while manganese causes paralysis of 
lower limbs. Major psychiatric conditions including insanity and mania can also 
be caused by manganese poisoning. Manganese in toxication can also give rise 
to pyramidal lesions which may account for the pathogenic laughter. Therefore, 
there is a genuine and growing interest in developing proper procedures for the 
analysis of mancozeb residues in vegetation. 
Recently PiPLC [ 4 ], GC [ 5- 7 ] biosensors [ 8 ], atomic absorption 
spectrophotometry [ 9 ], anodic stripping voltametry [ 10 ] have been used for 
pesticide residue analysis. This laboratory has reported [ 11, 12 ] a new 
procedure of complexometric determination of mancozeb in formulations. This 
method is based on the dissolution of mancozeb in ammonia buffer of pH 10 to 
94- 94-
release Mn and Zn which are titrated by using ethylenediaminetetraacetic 
acid (EDTA) and visual indicator eriochrome black T. However, this procedure 
fails in determining mancozeb residues in vegetations. Therefore now a new 
procedure has been tested for the determination of Mn^ "^  and Zn^^ in mancozeb 
residue in vegetation. This new method is based on the oxidation of organic 
matrix and subsequent titration of the metal ions in the residue by using above -
mentioned titration. The results obtained have been compared with those of 
u 
atomic absorption spectrophotometry. The description of the results is given in 
this chapter. 
B.EXPERIMENTAL 
1. Apparatus :Atomic absorption spectrophotometer (GBC 902, Australia) 
was used to determine Mn^^ and Zn^ "^  with air - acetylene flame. Electric 
magnetic stirrer, temperature controlled electric oven and pH meter (ELICO, 
India) were used. 
2. Reagents and Chemicals : Ethylenediaminetetraacetic acid (CDH, Mumbai), 
eriochrome black T (CDH, New Delhi), ammonium chloride (Merck, New Delhi), ammonium 
hydroxide (Merck, Mumbai), ascorbic acid (CDH, New Delhi), manganese sulphate 
monohydrate (S.M. chemicals, Baroda), mancozeb (75%), (Jaishri agro Industries, Haryana), 
nitric acid AR (Qualigens, Mumbai), sulphuric acid GR (BDH, Mumbai ) and zinc metal 
(CDH, New Delhi) were used. All other chemicals used were of analytical grade. 
3. Solutions : Mancozeb suspensions (0.01 M and 5%) were prepared in 
distilled water (DW). EDTA solution (O.IM) was prepared in DW.Ammonia 
buffer (pH 10) was prepared by dissolving required quantity of ammonium 
hydroxide and ammonium chloride in Dw and eriochrome black T (0.5%) 
solution was prepared in ethyl alcohol. 
Standard zinc solution was prepared by dissolving required quantity of zinc 
metal in concentrated hydrochloric acid. The excess acid was evaporated and the 
dried residue was dissolved in DW. 
4. Sample Collection : The representative samples of different plants were 
collected during November - December, 2002 and Janurary 2003 from a local 
market in Aligarh. 
2 ^ 
5. Sample Preparation : The above samples were subjected to the following 
preparative steps.. 
(a) Samples were cleaned with water and then with distilled water to remove 
surface contamination. 
(b) Samples were dried at 100 °C in an oven till their weight was constant. 
(c ) Dried samples were mechanically grinded and passed through 1 mm sieve to 
reduce the material to fineness suitable for the analysis. 
(d) Finally the samples were dried to constant weight and then stored in air tight 
bottles. 
6. Mancozeb Treatment: 
(a) Spray Method : The known quantity of the cleaned plants was spread 
uniformly on an asbestos sheet and then mancozeb suspension was sprayed on 
the plants. Finally the plants were dried and powdered as above. 
(b) Dosed Method : The dried and powdered plant (0.5 g) has taken in 100 mL 
beaker and a known quantity of the mancozeb suspension was dosed to it. The 
contents were treated and analyzed by the following procedure. 
7. Preparation of Sample Solution : The dried and powdered sample (0.5 g) 
was digested with 5 mL of concentrated nitric acid in 100 mL beaker. It was 
heated until completely dried. The residue was treated with 5 mL nitric acid : 
perchloric acid (3:1) and subsequently heated until dense white fiimes emerged. 
The contents were cooled after complete dryness and the residue was dissolved 
in a small volume of 4M HNO3. The solution was made up to 25 mL with 
distilled water. Similarly the solutions of sprayed plants samples, dosed plants 
powder and mancozeb were prepared. 
2-3 
8. EDTA Titration : A hard water sample (50 ml) of 250 ppm hardness was 
taken in a 250 mL flask and 10 mL of ammonia buffer of pH 10 and 5-6 drops 
of eriochrome black T indicator were added to it. The wine red colour solution 
so obtained was titrated with EDTA solution till the complete blue colour is 
obtained. In another conical flask a known volume of the solution of plant 
sample or mancozeb or sprayed plant sample or dosed plant sample was taken. 
The solution was neutralized with ammonia and a few milligrams of ascorbic 
acid were added. The contents were mixed and then added into the above 
mentioned blue solution. The blue solution turned wine red. It was titrated again 
with EDTA till the perfect blue solution. The volume of EDTA solution 
consumed in the second step was used to calculate the concentration of 
mancozeb. 
9.Standardization of EDTA Solution : The mancozeb solution was 
standardized by atomic absorption spectrophotometer by determining the 
concentrations of Mn and Zn . The standard mancozeb solution was then used 
to standardize the EDTA solution volumetrically. The standard EDTA solution 
was used to analyze the unknown solution of plant or mancozeb. Mn^ "^  and Zn^^ 
were determined in mancozeb or plants solutions by atomic absorption 
spectrophotometer after proper dilution . 
'Zli 
C. CALCULATION 
Molecular weight of mancozeb = 271.2, Purity of mancozeb = 75 % 
,atomic weight of manganese = 54.94 and atomic weight of zinc = 65.38. 
1 .Theoretical value : 1 mL of 10 mg mancozeb/ 500 mL solution contains 
1.518 ppm of manganese and 1.808 ppm of zinc. 
2. Standardization by Atomic Absorption Spectrophotometry : 1 mL of 10 
mg mancozeb / 500 mL solution contains 1.7 ppm of manganese and 1.9 
ppm of zinc. 
D. STATISTICAL ANALYSIS 
The standard deviation (s) and the coefficient of variation were calculated 
usingthe following expressions : 
s =^  / Z ( x - x " f and C.V. = s x 100 
n - 1 X 
where x = arithmetic mean of x, x = value measured 
n = number of values and C.V. = coefficient of variation 
E. RESULTS AND DISCUSSION 
Mancozeb ( 1 0 mL of 5 % aqueous suspension) was sprayed on wet 
samples of meithi (Trigonella Fomum Graecum) ( 230 g ); spinach (Spinacia 
Oleracea) (220 g); sarson (Brassicasp) (250 g); chukander leaves (Beta Vulgaris) 
( 180 g) and chukander root (272 g). However, 5 ml of 5 % mancozrb aqueous 
suspension was sprayed on radish leaves (Raphonus Satives) (270 g). These 
samples were dried till their weight was constant that is given in the parenthesis 
z^ 
: Meithi (11.5 g), spinach ( 14.3 g), radish leaves (17.3 g), sarson (11.2 g), 
chukander leaves (11.4 g) and chukander root (13.4 g) and then the samples (0.5 
'74- 9-t- .—-. 
g each) were analysed for Mn and Zn by using EDTA titration under study. 
The results obtained in |Lig g-1 of a dried sample are given in Table 2.1. The 
data show that EDTA method is fairly good to monitor the metal ions (Mn"" and 
Zn ) concentration in plants. 
In another set of experiment the powdered and dried sample (0.5 g) was 
dosed with 1-4 mL of 0.271% (0.01 M) aqueous suspension of mancozeb. The 
9-4- 94-
dosed samples were analyzed for Mn and Zn by using EDTA method. The 
results obtained are recorded in Table 2.2 which show that EDTA method gives 
better results at lower concentration of mancozeb than that at higher 
concentration. 
The powdered dried sample (0.5 g) was dosed with 1 mL of 0.2% aqueous 
suspension of mancozeb and after oxidizing it the fmal volume was made up to 
94-
50 mL with DW.The concentration of Mn was determined by atomic 
94-
absorption spectrophotometer. However, for the determination of Zn , the 
above samples were diluted to 250 mL with DW. The results obtained are 
reported in Table 2.3. These results show that the concentration of Mn and 
94-
Zn in plants determined by EDTA method is higher than that determined by 
atomic absorption. It may be due to the non-specific complexation of EDTA 
with heavy metal ions [12]. 
The value of the standard deviation (s) and the coefficient of variation 
(C.V.) are found to be 119.13 - 164.50 and 137.17 - 1197.72, and 20.52-30.24 
and 20.06 - 28.84 and 20.06 - 28.84 (Table 2.4 and 2.5) for the determination of 
2.6 
Mn^^ and Zn^ "^  respectively by EDTA method while 130.17 and 59.46 and 38.67 
and 45.16 for Mn and Zn respectively by atomic absorption 
spectrophotometry. The statistical data show that EDTA method is a simple, 
inexpensive and readily available method for the semi-quantitation of the change 
in heavy metal ions concentration in plants due to the use of metal containing 
fungicides such as mancozeb. 
F. CONCLUSION 
The EDTA method can be used to determine the change in concentration 
9+ 9-1-
of metal ions (Mn and Zn ) in different types of plants, same plants in 
different fields, plants sprayed with mancozeb etc. The method is so simple and 
inexpensive that it can be used for on field monitoring of metal ion pollution in 
places where minimum facilities are available i.e. sophisticated and expensive 
instruments are not available. 
^l 
7+ 9-1-
Table 2.1 : Determination of mancozeb (Mn and Zn ) in plants by EDTA 
method. 
Sample 
Meithi 
Sprayed 
Meithi 
Difference 
Spinach 
Sprayed 
Spinach 
Difference 
Radish 
leaves 
Sprayed 
Radish 
leaves 
Difference 
S arson 
Sprayed 
S arson 
Difference 
Chukander 
root 
Sprayed 
chukander 
root 
Difference 
Practically determined data 
EDTA 
used 
(mL) 
0.54 
0.72 
0.18 
0.46 
0.80 
0.34 
0.42 
0.74 
0.32 
0.48 
0.84 
0.36 
0.30 
0.82 
0.52 
Mancozeb in dried samples 
0.5 
mgg-
1 
7.40 
10.10 
2.70 
6.20 
11.30 
5.10 
5.60 
10.40 
4.80 
6.50 
11.90 
5.40 
3.80 
11.60 
7.80 
l^ gg-^ 
14800 
20200 
5400 
12400 
22600 
10200 
11200 
20800 
9600 
13000 
23800 
10800 
7600 
23200 
15600 
Mn^" 
iLlgg-
1 
1494 
2040 
546 
1252 
2283 
1031 
1131 
2101 
970 
1313 
2404 
1091 
768 
2343 
1575 
Zn^^ 
^gg-
1 
1783 
2434 
651 
1494 
2723 
1229 
1350 
2506 
1156 
1567 
2856 
1289 
916 
2796 
1880 
Calculated data of sprayed 
mancozeb 
Mancozeb 
l^gg-' 
6520 
5246 
3040 
6096 
5580 
Mn^" 
l^gg-' 
659 
530 
307 
616 
564 
Zn^" 
l^gg-' 
786 
632 
366 
735 
672 
Table 2.1 : Continued. 
2-5 
Chukander 
leaves 
Sprayed 
chukander 
leaves 
Difference 
0.26 
0.46 
0.20 
3.20 
6.20 
3.00 
6400 
12400 
6000 
646 
1252 
606 
771 
1494 
723 6578 664 793 
2.^ 
Table 2.2 : Determination of mancozeb (Mn and Zn ) in plants by EDTA 
method. 
Sample 
Meithi 
Dosed Meithi 
(1) 
(2) 
Difference(l) 
(2) 
Spinach 
Dosed (1) 
Spinach (2) 
(3) 
Difference(l) 
(2) 
(3) 
Radish leaves 
Dosed Radish 
(1) leaves 
(2) 
(3) 
(4) 
Difference(l) 
(2) 
(3) 
(4) 
S arson 
Practically determined data 
EDT 
A 
used 
(mL) 
0.54 
0.68 
0.82 
0.14 
0.28 
0.46 
0.58 
0.64 
0.78 
0.12 
0.18 
0.32 
0.42 
0.50 
0.58 
0.66 
0.78 
0.08 
0.16 
0.24 
0.36 
0.48 
Mancozeb in dried samples 
0.5 
mgg-
1 
7.40 
9.50 
11.60 
2.10 
4.20 
6.20 
8.10 
10.40 
11.00 
1.90 
4.20 
4.80 
5.60 
6.80 
8.10 
9.20 
11.00 
1.20 
2.50 
3.60 
5.40 
6.50 
ILlgg-' 
14800 
19000 
23200 
4200 
8400 
12400 
16200 
20800 
22000 
3800 
8400 
9600 
11200 
13600 
16200 
18400 
22000 
2400 
5000 
7200 
10800 
13000 
Mn^" 
l^gg-' 
1494 
1919 
2343 
425 
849 
1252 
1636 
2101 
2222 
384 
848 
970 
1131 
1374 
1636 
1858 
2222 
242 
505 
729 
1091 
1313 
Zn'" 
l^gg-' 
1783 
2289 
2796 
506 
1013 
1494 
1952 
2506 
2651 
458 
1012 
1157 
1350 
1639 
1952 
2217 
2651 
289 
603 
868 
1301 
1301 
Calculated data of spiked 
mancozeb 
Mancozeb 
|Ligg-l 
4064 
8130 
4064 
8130 
12188 
4064 
8130 
12188 
16260 
Mn'" 
^igg-' 
410 
821 
410 
821 
1234 
410 
821 
1234 
1642 
Zn^" 
^igg-' 
489 
980 
490 
980 
1460 
489 
980 
1460 
1959 
Table - 2.2 : Continued 
l>o 
Dosed Sarson 
(1) 
(2) 
Difference(l) 
(2) 
Chukander leaves 
Dosed 
Chukander( 1) 
leaves (2) 
(3) 
Difference( 1) 
(2) 
(3) 
Chukander root 
Dosed 
Chukander(l) 
root (2) 
(3) 
Difference(l) 
(2) 
(3) 
0.58 
0.72 
0.10 
0.24 
0.26 
0.44 
0.58 
0.74 
0.18 
n 1") 
0.48 
0.30 
0.46 
0.58 
0.78 
0.16 
0.28 
0.48 
8.10 
10.20 
1.60 
3.70 
3.20 
6.00 
8.10 
10.40 
3.80 
4.90 
7.20 
3.80 
6.20 
8.10 
11.00 
2.40 
4.30 
7.20 
• -
16200 
20400 
3200 
7400 
6400 
12000 
16200 
20800 
5600 
9800 
14400 
7600 
12400 
16200 
22000 
4800 
8600 
14400 
1636 
2060 
323 
747 
646 
1212 
1636 
2101 
506 
990 
1454 
768 
1252 
1636 
2222 
485 
869 
1454 
1 
1952 
2458 
386 
892 
356 
771 
1952 
2506 
675 
1881 
1735 
916 
1494 
1953 
2651 
578 
1036 
1735 
4064 
8130 
4064 
8130 
12188 
4064 
8130 
12188 
410 
821 
410 
821 
1234 
2052 
821 
1234 
489 
980 
489 
980 
1460 
489 
980 
1460 
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Table 2.3: Determination of Mn^ ^ and Zn^ ^ in plants by atomic absorption 
spectrophotometer. 
Sample 
Meithi 
Dosed Meithi 
Difference 
Spinach 
Dosed Spinach 
Difference 
Radish leaves 
Dosed Radish 
leaves 
Difference 
Chukandar 
leaves 
Dosed 
chukander 
leaves 
Difference 
Chukander 
root 
Dosed 
Chukander 
root 
Difference 
Sarson 
Dosed Sarson 
Difference 
Radish root 
Dosed Radish 
root 
Difference 
Practically determined data 
Mn^^ClLigg-') 
430 
540 
110 
110 
680 
470 
170 
480 
310 
50 
350 
300 
30 
420 
390 
60 
500 
440 
470 
880 
410 
Zn^'C^tgg-') 
230 
355 
125 
85 
150 
65 
100 
240 
140 
105 
230 
125 
140 
235 
95 
115 
355 
240 
185 
455 
270 
Calculated data 
Mn^"(^igg-^) 
303 
303 
303 
303 
303 
303 
303 
Zn^ "" (|ig g-') 
360 
360 
360 
360 
360 
360 
360 
^t 
Table 2.4 : Calculation of statistical data for EDTA method. 
Results for Mn2+ 
(X) 
424.8 
384.0 
242.0 
323.0 
506.0 
485.0 
Total 2364.8 
Mean(x) 394.0 
849 
848 
505 
747 
990 
869 
Total 4808 
Mean(x) 801.33 
Results for Zn 
506 
458 
289 
386 
675 
578 
Total 2892 
Mean (x) 482 
101.2 
1012 
603 
892 
1188 
1036 
(x-x) 
30.8 
-10.0 
-152 
-71.0 
+183.0 
+91.0 
+ 47.67 
+ 46.67 
-296.33 
+ 54.33 
+ 188.67 
+ 67.67 
+24 
-24 
-193 
-96 
+193 
+96 
+54.83 
+54.83 
-354.83 
+65.83 
+230.67 
+78.16 
(x-xf 
948.64 
100.00 
231.04 
5041 
33489 
8281 
i:(x-x)^=70963.64 
2272.42 
2178.08 
87811.46 
2951.75 
35596.37 
4579.22 
I(x-x/=135389.32 
576 
576 
37249 
9216 
37249 
9216 
I(x-x)^=94082 
3006.32 
3006.32 
125904.32 
4333.58 
53208.65 
6110.07 
S = 119.13 
C.V. = 30.24 
S = 164.50 
C.V. = 20.52 
S = 137.17 
C.V. = 28.4 
S = 197.72 
C.V. = 20.06 
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Table 2.4 : Continued. 
Total 5243 
Mean (x) 957.83 
I(x-x)2 = 195569.27 
Table 2.5 : Calculation of statistical data for AAS. 
Results for Mn^+ 
X 
110 
470 
310 
300 
390 
440 
Total 2020 
Mean (x) 336.7 
Results for Zn ^ 
X 
125 
65 
140 
125 
95 
240 
Total 790 
Mean (x) 131.667 
( x - x ) 
-226.7 
+ 133.3 
-26.7 
-36.7 
+53.3 
+103.3 
(x-x) 
-6.67 
-66.67 
+8.33 
-6.67 
+36.67 
+ 108.32 
(x-x)^ 
51392.89 
17768.89 
712.89 
1346.89 
2840.89 
10670.89 
Z(x-x/=84733.34 
(x-x)^ 
44.48 
4444.89 
69.38 
44.48 
1344.68 
11733.22 
I(x-x/=17681.13 
S-130.17 
C.V. = 38.67 
S - 59.46 
C.V. = 45.16 
1 
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H .APPENDIX - 1 : Details of calculation. 
A sample of mancozeb (10 mg) was digested with concentrated nitric acid, 
treated with oxidizing mixture JIN03 : HCLO4: : 3:1, heated to dryness, 
dissolved the residue in minimum volume of 4M HN03 and made upto 50 mL 
with DW. The solution so obtained (ImL) was further diluted to 10 mL. 
1. Calculation of manganese in mancozeb : 
271.2 g of mancozeb contains 54.94/2 g of manganese 
so 0.0075 g of mancozeb contains 27.47 x 0.0075/271.2 g of manganese 
or 0.00 759 g of manganese 
0.759 mg of manganese 
50 mL of this solution contains 0.759 mg of manganese 
so ImL of this solution contains 0.759/50 mg of manganese 
or 0.01518 mg/mL 
ImL of this solution was diluted to 10 mL .Now ImL of it contains 
0.01518 /lO manganese 
or 0.001518 mg of manganese /mL 
or 1.518 ppm 
2.Calculation of zinc in mancozeb : 
271.2 g of mancozeb contains 65.38/2 g of zinc 
so 0.0075 g of mancozeb contains 32.69 x 0.0075/271.2 g of zinc 
or 0.00090437 mg of zinc 
or 0.904037 mg of zinc 
50 mL this solution contains 0.904037 mg of zinc 
so ImL of this solution contains 0.904037/50 mg of zinc 
or 0.01808 mg/mL 
1 mL of this solution was diluted to lOmL . Now ImL of it contains 
0.01808/10 mg of zinc 
or 0.001808 mg of zinc /mL 
or 1.808 ppm 
OS" M-^j 
• \ 
Note 
(il) Hoi4\ehold dust samples 
Inspection of sites and collection ot dust/material sam-
ples foi analysis ot ailethrin was performed on request For 
the detection ot elevated concentrations ot ailethrin, we 
took 10 g ot dust from three different houses The extracts 
were prepaied by the treatment of acetone Then the extract 
was evaporated to dryness The residue of ailethrin was dis-
solved in methanol and determined by DPP method 
Conclusion 
As can be seen from the data in Tables 2 and 3, the re-
covery ranges tor ailethrin in formulations and hosue hold 
dust aie 91 80-94 00% and 83 30-99 00% lespectively 
The proposed DPP method is veiy simple, fast, fairly sensi-
tive and sufficiently accuiate, piecise and bettei suited than 
conventional methods like spectrophotometry or chiomato-
graphy to characterize the electrochemical mechanistic and 
analytical investigation ot allethun All these features make 
DPP an attractive analytical approach for analysis of pyre-
throid class ot compounds containing >C=C< moiety 
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Note 
Sample 
Meithi 
Spinach 
Rcdish leaves 
Saisoii 
Chukaiidcr leaves 
Chukander rool 
Expl. 
Mgg 
Mn- ' 
557 
1030 
y i o 
1091 • 
1576 
606 
1. Sprayed 
Zn-^ 
651 
1229 
1157 
1289 
1880 
12? 
Tabic 1. Analysis of mancDzeb residues in edible plants 
EDTA method 
samples 
Calcd. 
f g g ' 
M n ' * Zn ' * 
659 786 
530 632 
307 366 
616 735 
564 672 
664 793 
Mn-" 
425 
849 
384 
848 
970 
242 
505 
729 
1091 
323 
747 
506 
990 
1454 
485 
869 
1454 
2. Dosed 
Expt 
^gg 
Zn=* 
506 
1013 
458 
1012 
1157 
289 
603 
868 
1301 
386 
892 
675 
1881 
1735 
578 
1036 
1735 
samples 
Calcd. 
Mg 
Mn--^ 
410 
821 
410 
821 
1234 
410 
821 
1234 
1642 
410 
821 
410 
821 
1234 
410 
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303 360 
303 360 
303 360 
303 360 
asbe.sto.s sheet and then aqueou.s suspension of mancozeb 
was spread on the plants. The plants treated with mancozeb 
or untreated plants were dried at RT (25") and then at 100 + 
2" in an electric oven till their weight was constant. The 
dried samples were mechanically grinded with pestle and 
mortar and passed through I mm sieve to reduce this meter-
ial to a fine suitable for the analysis. Finally the samples 
were dried to constant weight and then preserved in airtight 
glass bottles or polythene bags. 
The dried and powered sample (0.5 g) was digested with 
concentrated nitric acid and then treated with nitric acid : 
perchloric acid (3 : I) to obtain a colourless residue and the 
residue was dissolved in a small volume of 4 M HNO3. The 
final volume was made up to 25 ml with distilled water. 
The dried powedered sample was dosed with aqueous sus-
pension of mancozeb and then the above treatment was 
given to make the solution in distilled water. The solution 
so obtained was neutralized with ammonia solution and ti-
trated with versenate using eriochrome black T indicator 
and ammonia buffer of pH 10 by following reported proce-
dure' for Mn'* and Zn"'^ . The concentration of Mn"'^  and 
Zn'^ '^  was also determined in the above mentioned solutions 
by atomic absorption spectrophotometer after proper dilu-
tion. 
The mancozeb solution or suspension was standardized 
by atomic absorption spectrophotometer by determining the 
concentrations of Mn"'*' and Zn"'*'. Versenate solution was 
standardized with standard mancozeb solution that was 
used to analyze the plants material. 
The following quantity of Mn"* and Zn""^  was computed 
in mancozeb by taking molecular weight of mancozeb = 
271.2, purity of mancozeb sample = 75%, atomic weight of 
manganese = 54.94 and atomic weight of zinc = 65.38. I ml 
of 10 mg mancozeb/500 ml solution contains 1.518 ppm of 
manganese and 1.808 ppm of zinc. 
When the above-mentioned solution was deterinined by 
atomic absorption spectrophotometer the concentration of 
managanese and zinc was found to be 1.7 ppm and 1.9 ppm 
respectively. 
The values of standard deviation (s) and coefficient of 
variation (CV) were calculated by using the experession 
given in Vogel's book'^ . 
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